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© Method for production of phytate-free or low-phytate soy protein Isolate and concentrate. 



© A method by which phytate-free or tow-phytate soy protein isolates and concentrates may be prepared is 
disclosed along with the phytate-free or low-phytate soy protein isolates and concentrates produced. The 
method involves using a phytate-degrading enzyme at a pH of from 2.0 to 6.0 at a temperature of from 20°C to 
5S*C. 10 0t 
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METHOD FOR PRODUCTION OF PHYTATE-FTCEE OR LOW-PHYTATE SOY PROTEJN ISOLATE AND CON- 
CENTRATE 

ThTpfesent invention relates to novel methods and processes by which phytate-free or tow-pnytate soy 
prttetrrisaates and concentrates may be prepared. The invention further relates to phytate-free or low- 
<phytate soy protein isolates and concentrates produced according to the methods and processes of the 
r present invention. . . 

s Phytic acid is present in soy beans as in many other plant seeds. Phytic acid in plants appears m the 
form of calcium, magnesium, and potassium salts, which m general are called phytin. A large part of the 
phosphorus content of seeds is stored in these compounds. For example, about 70% of the total 
orttsphorus in soy beans is accounted for by phytin. When the terms phytate or phytic actd are used 
herein, it is intended to include salts of phytic acid and molecular complexes of phytic aod with other soy 

to bean constituents. ^ . 

Phytic acid tends to form complexes with proteins and multivalent metal cations. Phytic ac«d complexes 
decrease the nutritional quality of soy protein (for review, see e.g.. Beddy et jj.. Adv. Food Res. 28:1-92 
(1982V Cheryan. CRC Cnt. Rev. Food Sd. Nutf. 13597-335 (1980)). Phytic acid, because rt interacts with 
multivalent metal catow^t^eT^thTfc assimilation by animals and humans of various metals such as 

is calcium, iron, and fine. This may toad to deficiency disorders, especially for vegetarians, elderly people and 

"^Phytic acid also inhibits various enzymes in the gastrointestinal tract including pepsin and trypsin, and 
decreases the digestibitity of soy protein. In addition, the phosphate present in phytic acid is not available to 
humans. Moreover, the presence of a relatively targe amount of such unavailable phosphorus in infant food 

ao may lead to inadequate bone mineralization. 

In typical commercial soy protein isolation processes, defatted soy flakes or soy Hour are extracted at 
pH values between 8.0 and 10.0 to solubiHze proteins. The slurry is centrifuged to separate the unsoiubie 
part from the solution. The major fraction is recovered from the solution either by precipitating at a pH near 
the isoelectric point of the protein (4.5). separating it by centrifugation. washing the precipitate with water. 

ts redispersing it at pH 7. and spray-drying it (see. e.g.. U.S. Pat. Nos. 3.001.875 and 3.397.991). m such 
processes phytic acid will follow the protein, and tends to concentrate in the resulting soy protein product. 
The phytic acid content of commercial soy protein isolates is about 2-3%. whereas soy beans contain 1-2% 
phytic acid. 

Because of the world-wide importance of soy beans as a food source, there have been many attempts 
x to devise ways in which to reduce the phytate concentration of soy protein isolates and concentrates. 

Thus, various chemical and physical treatments and plant phytases. either indigenous phytase or wheat 
phytase, have been' used for preparing low-phytate soy protein isolates from soy beans. Fermentative 
methods with living molds have also been studied as ways of decreasing the phytic acid content of soy 

protein isolates. ^ . . . t¥ktA 

35 None of these methods, however, provides a quick and economical method (or production of phytate- 
free soy protein isolates without adversely affecting the functional properties of the protein. 

Botley et al. U.S. Pat. 2.732.395 describes a method for separation of phytic acid from various oil seeds 
with an aqueous extraction at a pH near the isoelectric point of the protein (about 4.5). Phytic acid is partly 
dissolved at this pH and is recovered. Protein is recovered by solubilizing it at alkaline pH. separating the 
40 insoluble portion, and precipitating the protein at a pH near the isoelectric point. The resulting protein 
fraction contained as much as 4% organic phosphorus. 

McKinney et al.. J. Biol. Chem. 178:1 17-132 (1949). note that phytic acid dissociates from soy protein at 
pH values between" t To and 1 1.5. and forms a precipitate that may be removed by centrifugation. 

Goodnight et al.. U.S. Pat. 4.072.670. observe that an alkali-stable complex is formed between protein 
45 and phytic acidVme acidic conditions used by Bolley et ai_ In an attempt to overcome this disadvantage, 
they describe precipitation of the phytate at pH values a tittle higher than those desenbed by McKinney et 
al.. i.e.. pH values between 11.6 and 14. Phytate is then separated from the protein prior to prote.n 
p7ecipitation at the protein isoelectric point <pH 4.5). One disadvantage of this process is that exposure ol 
proteins to such an extremely alkaline pH* adversely affects the nutritive value of proteins. Also, mere is a 
so tendency to increase the undesirable formation of lysinoalanine. In addition, commercial continuous 
centrifuges are unable to separate the very light phytate precipitate formed at such a high pH. 

deRham. UK Pat. I 574 110. discloses methods by which the phytic acid content of a soy protein 
isolate can be decreased from. 2% to 0.6%. when protein rxecifjiwuon 

pH 8.0) is performed at pH 5 7 instead of pH 4.5. When soy proteins are extracted at pH 2.5 and recovered 
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at oH 4-5 the phytic acid content is reported to be 1-7%. By performing the precipitation at pH 5.5. the 
phytic acid content was reportedly decreased to 0.7%. The phytic acid concentration of the isolate could be 
decreased to 0.2% by extracting the protein at pH 11.5 and recovering it at pH 5.5. However, these 
methods suffer from the drawback that the protein yield is decreased by as much as 20%. which renders 
them commercially impracticable. 

deRham and Jost J. Food So. 44:596-600 (1979). observe that calcium ions enhance the precipitate 
of sov protein at pH 1 r5"ve7/Tow"phyt.c .acid concentrations could be achieved by extraction with 10% 
NaCI but these methods produced an isolate which is effectively unusable without desalting by dialysis or 
ultrafiltration. Moreover, also the protein yield according to these methods is low. 

lacobucci et al US. Pat. 3.736.147. disclose a method of reducing phytate concentration in soy prote.n 
invo4vino vario^"chemical treatments in combination with ultrafiltration. The chemical treatments include 
hy*olytis of phytic acid by indigenous phytase at neutral pH. ultrafiltration in the presence of calcium tons 
at tow oH or the use of EOTA at high pH. These methods have several disadvantages. Soy globulins are 
known to dissociate into subunits and to be denatured at such tow pH values. The use of calcium ions at 
low pH values requires an additional ultrafiltration step for salt removal. The high temperature (65 C) m the 
ohytase method may decrease the solubility of the protein on either side of the isoelectric point The lowest 
phosphorous content achieved is not less than 0.2%. which corresponds to 0.7% phytic acid. The methods 
are also very time<on$uming (18-48 h ultrafiltrations). 

Puski et al UK Pat Appl. GB 2.180.241. disclose a soy protein preparation method m which proteins 
are extracted"*' a pH of 8 to 10 and at a temperature above 65* C The protein product contains less than 
about 0 3% phytic acid. Again, however, such high temperatures may adversely affect the solubility and 
other functional properties of the proteins. • 

0,00*3 and Morr. J. Food Sd. 47:1280-1282 (1982). disclose a method for phytate removal from soy 
protein isolates using &T*ct»a7^Teatments. A combination of cation and anion exchange processes .s 
required tor effective phytate removal. A dialysis step is used to remove other nonprotein components. This 
method, however, would be unacceptabiy complex and expensive tor use on a commercial scale. 

Enzymes such as phytase. also have been used in the preparation of soy protein isolates. For 
example McCabe. U.S. Pat 3.733^07. describes the preparation of a soluble protein fraction having a 
decreased phytic acid content Proteins are solubitized in alkaline conditions, and wheat phytase is added 
after towering the pH to about 5. The protein fraction not precipitated at pH 4.5 is recovered. The resulting 
protein because of its solubiHty in acidic conditions, is suitable for carbonated beverages. The enzyme 
treatment is long, however, requiring 24-36 hours. The phytic acid content of the protein is not reported. 

Japanese Appl. 50.130.800. assigned to Asahi Chemical tod. Kk. describes a process by which 60 of 
the phytic acid in aqueous plant seed extracts could be removed by a combination ol wheat phytase and 
cation exchange resin treatment. The lowest phosphorous content of soy protein achieved .s as high as 
0.24%. which corresponds to 0.85% phytic acid. 

Various fermentation processes have been proposed for improving the odor, flavor or d.gestiM.ty of soy 
products. Typical fermentation processes, however, require an extensive amount of time, usually 24 hours 
or longer and substantially alter the functional or physical characteristics of the protein. 

Friend et al U S. Pat 4.642.236. describe a quick method lor improving soy product ftavor. involving 
contacting wfprotem with living mold pellets of Aspergillus or Rhizopus species. However, large amounts 
of mow - as much as 1 to 10 g - are needed per tOO g ol protein on a dry weight basis (or effective results 
in treating an aqueous slurry. Also, sulphite materials conventionally used in the extraction processes 

adversely affect the activity of the mold. 

The use of phytase has been described in the treatment of soluble soy protein contained m soy milk, in 
preparing soy milk, soy beans are soaked overnight, disrupted and filtered. This filtrate is termed soy milk. 
After filtration, the soy milk typically is cooked to remove off-flavor compounds. 

Anno et al.. Nippon Shokuhin Kogyo Gakkaishi 32T3):174-180 (1985). report elimination of 90% of the 
phytate cc^ta7nedlrTcommeroal loTbean m,lk with wheat phytase. Nippon Shinyaku. Japanese Appl. 
59 166.049. report a method of decomposing phytic acid in soy bean milk with wheat phytase. using free 
and immobilized phytases. Fujiwara et al.. (Reports of Research Laboratory. Snow Brand Milk Products Co 
No. 83 (1986) 31-41. Ref. FSTA 1? (1987) 9J118). report improvements in soy milk digestibility with 
Rhizopus sp. phytase treatment 

mZqS* phytases have also been tested in decreasing the phytic acid content of feedstuffs with-it 

ss further processing to protein concentrates or isolates (Han and Wilfred. J. Agric. Food Chem. 36:259-262 
(1988)) Autoctavmg (l2i*C. i h) facilitates the degradation ol phytic acid by Aspergillus ficuum phytase 
(85% degraded). Such high temperatures, however, alter the functional properties oLthe^ resulting prote.n 
and reduce its nutritional value. 
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rThe"p^^f^saS»w HliistfatM that considerable ehbrts have been expended to develop methods 
^to-reduce the phytic add content of soy protein. These methods, however, have suffered from vanous 
> drawbacks including inefficient phytic acid reduction, high cost, long treatment time requirements, unaccep- 
table alterations of the treated protein, and incompatabtlity with commercial soy protem processing 

soec^ues^ ^ C0fttinu6S to be a need for an improved method of producing phytate-free or tow- 
.phytate soy protein isolates and concentrates which avoids these drawbacks, while aiiomng soy prote.n 
production on a practical commercial scale. 

Thi present invention relates to novel methods and processes by which phytate-free or tow-phytate soy 

,0 protein isolates and concentrates may be prepared. The invention further comprises phytate-free or tow- 
phytate soy protein isolates and concentrates produced according to the methods and processes of me 

^Ta^wect of the present invention there is provided a method of reducing or eliminating phytate in 
a composition comprising soy bean protein, the method compnsing contacting a phytate degrading enzyme 
, 3 with the composition St TpH of from 2.0 to 6.0 at a temperature of from 20*C to 60°C. The method 
preferably has one or more of the toUowmg features: 
v a) the composition is a soy protein isolate or soy protein concentrate: 

b) the temperature is from 40-55°C; 

c) the pH is from 4.5 to 5.5; . 

20 d) the enzyme is added to the composition in the form of an wryrne preparatjon free of Irving matter. 

(or example cells, such as microorganisms: 

#) maintaining contact between the soy bean protein and enzyme for from t.O to 8.0 hours, 

preferably from 2 to 6 hours. . . . ^ 

The enzyme preparation preferably comprises rr^y^ Aspergillus mger and or 

zs ts substantially cell free. Suitably the enzyme preparation contains ceiluiase and/or has low proteolytic 
activity which is particularly suitable (or soy protein. A particularly suitable enzyme preparation is that sokJ 
under the trade mark'SNASE" S by Aflco Ltd.. Helsinki, Finland. 

A second aspect of the present invention relates to a method for producing an essentially phytate-free 
or tow-phytate soy protein isolate or concentrate comprising: 
30 afalfcing an enzyme preparation of microbial origin comprising at least one phytate degrading 

enzyme to a particulate soy bean Lwater slurry:. 

b) "alk>wing the phytate degradation to take place at a pH value of from 2.0 to 6.0. and at a 
temperature from 20°C to 55°C: and 

c) isolating the resulting phytate-free or tow-phytate soy protein. 

» A third aspect of the present invention is a method of substantially eliminating phytate from soy protein 
isolate or concentrate comprising: j 

a) adding to a phytate-containing soy protein isolate or concentrate an enzyme preparation ot 
* microbial origin comprising at least one phytate degrading enzyme: and 

b) altowmg phytate degradation to take place at a pH of from 2.0 to 6.0. and at a temperature of from 

40 20°C to 55*C. 

A fourth aspect of the present invention provides a method of producing an essentially phytate-free or 
tow-phytate soy protein isolate, comprising: 

a) suspending coarsely milled defatted soy particulate in an aqueous medium, suitably water, to torm 

«s * ^^adprtting the pH of the suspension of step a) to from 2.0 to 6.0. preferably about pH 5.0: 

c) introducing mto the suspension of step b) a phytase reducing amount of FINASE S: 

d) incubating the suspension of step c) for from 1 .0 to 8.0 hours (eg. 2-6 hours) at from 20°C to bun,. 

e) adjusting the pH of the suspension of step d) to about 9.0. and incubating the adjusted suspension 
for about 1 hour at room temperature: 

so 0 separating the insoluble fraction from the suspension of step e>: and 

g) separating the soluble soy protein from the suspension of step f) thereby producing an essentially 
phytate-free or tow-phytate soy protein isolate. 

A fifth aspect of the present invention encompasses producing an essentially phytate-free soy protein 
isolate or concentrate, or a soy protein isolate having a reduced phytate concentration, comprising- 
ss a) suspending an amount of commercial soy protein isolate in an aqueous medium, to form a 

suspension: t t _ e - 

b) adjusting the pH of the suspension of step a) to from .2.0 to 6.0. preferably from 4.5-to 5.5. ana 

more preferably about pH S.O: 
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. «, *troduc*g into me *^^»^ZS*^££L 5 from 20°C ,o 
d) mcubWing ma suspension ol step c) lor from to » e.u now. »v 

T'S^gTp^ ^ ^P™°" ^^Toi^V. thereby producing an essennaHy 

^xr^sosn sirrr-; ^ _ . ~~ 

"TS?i-«t of the ^ invention retates «o an essentia - ^^ tt i0 * p ' 0,e ' n 

^ M .TeS"^S^ » «* rtcuto,e My *" MU0OUS ,USPe0Si0n * ' PH V * ,Ue °' 

~ s sis z sxt^sKn: * « 5 . , 5 ~ 

•) incubating me suspension of step d jor from ru concentrate 

fr ° m ^!lI^io «nv insoluble material from me suspension ol step a): * 

c, E PH O^ suspense ol step b, to from 2-0 to 6 0. preferably from 4.5 to 5.5. and 

suitably about pH 5.0: . > reduC ing amount of F1NASE* S; 

- JXS ST- -P C - «— soU.cn o, «e P C: 

4 hours, at from 20°C to 55°C; 
, 5 i) neutralizing the solution ol step h); and A «p n tiaiiv ohvtate-free or low-phytate 

m j£srsj£s:z:~ ssrjrr^ ....«» ». - - 

preferably water. SS o C g-t™ t ne separating step comprises 

It is preferred that the incubating temperature .s ^ ™ s J * soy 

4 5 The present imrention may thus provide easy and <»^JZ~'£^£tt 
r^yuteWand tow-phytate soy prote,n i»o*..s ^ cmww- *" .ecnruques. w«h 

„ maYmese methods can be suitable for integration "n^™™*™*"™ ^an. tood source The 
44 an attendant improvement in the efficiency ^ « S the .so.at.on process 
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enzyme The many possible places for the enzyme treatment may make it easy tor the manufacturer to 
adoot the process of the invention to their existing isolation process. Further, the methods of the present 
iwTnoon may not reqwre exposing the soy protein to highly alkaline conditions causing decreased nutntrve 
v^eTthe LutUnTlxoteu.. and which produce a very light suspended phyute preoprtate that canno, be 

s separated by commercial continuous separation equipment. 

An additional advantage of the present invention is that the soy protein may not be exposed to high 
temoeratures (eo above 6S«C) which may adversely affect the solubility and other functional properties ol 
^sovTotein product. Moreover, the methods of the invention avoid exposing the soy protein to Uving 
mk^iLns which may introduce contaminants into the soy protein product Expensive and time- 

,o coaming steps, such as ultrafiltration and ion-exchange treatment, may be averted by the methods of the 

•^Je^vention may thus provide simple methods for the preparation of low^*yttte and phytate. 
tree sov protein products without expensive chemical or physical treatments or equipment. The preferred 
soursVol »y proteins, such as soy bean water slurry, is defatted soy bean particulate, such as delaned 

" My ^ 9n " h ^' U ^ ecls 0 , p,,,,* invention, phytic add is eliminated 1 by means of effective 
commercially available buft enzyme compositions. Phytate-degrading enzymes <fephosphorylate mosrtoi- 
SeZhMohate to yield inositol and orthopr»sphate. several forms of inositotphosphates being the inter- 
mediate products. Wyiate-degreding enzymes include phytase and add priosphatases. 
- rCrrivi phosphatases a re produced by various nticrooroansms such as Asperg^ spp : 
pk^TL in d ve^W - M icrobKrt. 26:1348-1357 (1968: Enzyme Miaob. Jechnoj. 5:377-382 
fiSsF arSphytase k also produced by varlups plant seeds, for example wheat, during germ.nat.on. 
iSno to methods known in the. art. enzyme preparations can be obtained from the above mentioned 
organisms Caransa et al. Netherlands Pat. Appl. 87.02735. found that at the same enzyme dosage phytase 
a from AsoergiUus spp~degr*ded phytic acid in corn more efficiently than phytase trom wheat 

PaSrly p^erred loTthe purposes of the present invention are the finase enzymes, formerly 
wmeTewase EP 43 enzymes, manufactured by Alto Ltd.. Rajamaki. firtand. These are desenbed .n 
0 S. explication Serial Number 242.243. Wed September 12. 1988. 

MtoobuZ produced enzyme preparations may also contain enzymes that-degrade additional plant 
x rr^*Ts^ as enzymes with cellulase. hemiceUulose. and/or pectinase activity. These other actrvrt.es may 
contribute to the effects wfuch are obtained by the methods of the invention. , 

ThTpresent invention may provide a method for eliminating phytic add not only hom ^.ub.^ed 
substrate such as soy milk or McCabes soluble proteins, but also from an insoluble proteuvphyuc acid 
complex. This is a particular advantage of the invention, since these complexes have formed **9«««™ 
35 probtem with respect to obtain** high protein y»lds with tow phytate concentrators. J**™ 
composition used in the methods of the invention is also capable of degrading phytic aod .n the presence 
of the amount of sulphite materials conventionally used in the extraction procedure. 
Stated most simply, in its broadest terms the present invention comprises: 
<al suspending defatted soy bean particulate in an aqueous medium in the presence ol an enzyme 
« preparation comprising one or more phytate-degrading enzymes: and 
lb) isolating the resulting phytate-lree or low phytate soy protein. 
A preferred aqueous medium according to the present invention is water, suitably at neutral pH. bu 
mose ol skin will recognize that any suitable aqueous medium may be employed with the exerc.se ol 
routine skill, keeping in mind the particular reqwrements of the starting soy bean particulate P'«P*^ 
« hi .preferred lerr*odiment of the invention, the soy protein isolation process ol step (b> above may 

"^aTSrS'of prot«n from the raw material in alkaline conditions, between pH values 6 and 10: 

(b| separating the insoluble fraction containing carbohydrates by conventional solid separation unit 
processes such as filtration or centrilugauon: 
so (c) precipitating soy protein at acidic conditions, between pH values 4.5 and S.5: 

v (d) recovering the proteins by conventional solid separation unit processes: 

«e) washing the proteins with acidic water, at the same pH as used tor precipitation: and 

TrT SrtreCeTl for phytic acid removal can also be applied to soy protein isolates or 

ts concentrates after isolation (see example 4). This treatment may include the following steps: 

(a) suspending the protein isolate or concentrate with water m the presence of an enzyme preparation 
comprising one or- more .phytate-degrading enzymes:and — ^ - - ■ - - ^ 

. (b) direct use ol the protein slurry in lood applications or further handling, e.g.. drying ol the protein. 
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The enzyme can also be added directly to food, lor example infant formula. 

The methods of the present invention may be performed at pH values of from 2.0 to 6.0. such as from 
3.5 to 5.5. and preferably from 5.0 to 53. Preferred temperatures according to the present invention are 
from 20°C to 60°C. such as about 40°C or from 50°C to 55°C being more preferred. The methods of the 

s present invention prevent the formation of an alkali-stable protein-phytic aod complex in the acidic 
conditions described by Goodnight et al. 

CThe amount of finase erttyme Reparation reaped Will depend.upoa Jhe preparation used, the phytic 
^acid content of the raw material, and the reaction conditions. The right dosage can easily be estimated by a 
person slatted in the aa^efera^. to enzyme preparation catipnses such aa amount of one or, more 

ro ^ytate-degrading erizyrnes^thal thelphytic acid in soy beans is substantially deyaded. The present 
invention may provide an easy and commercially attractive method for preparing low-phytate and phytate- 
tree soy protein isolates without exposing the proteins to high alkalinity which decreases their nutritive value 
and at which a very light suspended phytate precipitate, which cannot be separated, with commercial 
continuous separators, is formed, ft may also provide a method (or preparing phytate-free soy protein 

is isolate without exposing the proteins to temperatures above 65°C. which may affect the solubility and other 
functional properties of the protein. Also unnecessary contact of soy protein with living microorganisms and 
expensive and tirrte<onsuming purification steps, such as ultrafiltration end ion-exchange treatments may 
not be required. 

It is to be understood that preferred features and characteristics as described above are applicable for 
to one aspect of the present invention as they are for another aspect mutatis mutandis . 
In the accompanying drawings: 
Figure i is a graph showing the effect of pH on the activity of Finase composition of phytate- 
degrading enzymes. The pH effect was measured at 40°C after a 15 minute incubation, tn 0.2 M citrate <pH 
3.5 - 6.5) and 0.2 M gfyane-HCt (pH 2.0 • 3.0) buffers: and 
» figure 2 is a graph showing the effect of temperature on the activity of a finase composition of 

phytate-degrading enzymes. The temperature effect was measured after a 15 minute incubation in a 02 M 
citrate buffer. pH 5.5. 

The invention win now be described by way of examples which are not intended to be limiting on the 
present invention. 

JO 

- COMPARATIVE EXAMPLE 1 



ss The Activity of Phytate-Oegrading Enzymes at Oifferent pH Values and Temperatures 

This example shows the effect of pH and temperature on the activity of commercial phytate-degrading 
enzymes. Finase enzymes ol Alko Ltd., Raiamaki, Finland (figures l and 2). ^ 

Phyute^Segrading activity was determined by using 1% sodium phytate (Sigma. St Louis. Missouri) as^ 
40 ^subiwteTlhe enzyme reaction was carried out arpH 5.5 and 40* C. ^ enzymes releases 

prjosohate groups from phytate^The determination of the released inorganic phosphorous is based on the 
color formed by the reduction of a prtosphomotybdate complex. 

figures t and 2 show that the Finase enzymes degrade phytate over a broad pH range from 2.0 to 6.0 
and at temperatures under 60* C. Optimal and preferred pH ranges are between about 5.0 and about 5.5. 
4s Optimal and preferred temperatures are between about 50 and 60* C. Variations from these optimal ranges 
are. ol course, possible, depending upon the particular needs and requirements that will be apparent to 
those of skid. Such variations are to be understood as being within the intended scope of the present 
invention. 

so 

COMPARATIVE EXAMPLE 2 



Production of Low Phytate Soy Protein Isolate on a Laboratory Scale 



Twenty g ol defatted soy flakes (Unilever. Amsterdam. TheJMethertands) were milled coarsely and 
suspended with 300 ml of water The pH was adjusted to 5 0 and an amount of finase" S was added to the\ 
slurry^ Phytate-degrading activities are a major component of this enzyme preparation. In the control test no 
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•nzvma'was added. Suspension* were incubated to* 4 hours in a shaker at 40 C. 

>he enzyme dosages are presented a* phytate-degrading untog flakes. One phytate-degrMing ur»t (i 
PU) is the .mount of enzyme wWch Sberates 1 nmol of inorganic phosphorous from sod.um phytate per 
minute under standard conditions (40* C. pH 5.5). 

^tter the enzyme treatment, the pH was adjusted to JU) and the wspension was .ncubated fc* 1 hour at 
room temperature. The insoluble traction was removed by eentritugation. The proteins were pree.prtated 
™ mT^matant by adjusting the pH to 4.S. The precipitate was recovered by centnfugauon and 
freeze-dried. Protein yield and phytate contents of the protein fraction were determ.ned. 

For determination of the phytate content the protein fraction was extracted with an acd.e bquul for 30 
minute, ,t room temperature. Phytic acid was then precipitated from the clear supernatant w-thlernc 
cworide. Ferric tons were removed by prestation with sodium hydroxy. Phytate «>««^^ 
HPLC (High Performance Liquid Chromatography) using sodium phytate as a standard. Table I shows the 
residual phytic acid content of the proteins and the protein yields (dry weight basis). 

TABLE t • 



Phytate Concentration and Protein 

Yield Achieved by Soy Protein 
Isolation According to the Invention 
on a Laboratory Scale 


Finase dosage 

<PU/g;soy ' 
Cflakes> 


Phytic 
actd% 


Protein 
yields 


0 


1.9 


25 


e5oo, 


0.6 


26 




0.0 


24 



Table 1 shows that by using the process of the invention phytate-free soy protein isolates can be 
achieved white maintaining high protein yields. 



COMPARATIVE EXAMPLE 3 



Production of Low Phytate Soy Protein Isolate on a Pilot Scale 

Fifteen kg of defatted soy flakes (Unilever. Amsterdam. The Netherlands) were milled coarsely and 
suspended in 235 I of water. The pH was adjusted to 5.0. and Finase* S was added at a dosage of 1000 
PU/g soy flakes, m the control test, no Finase* S enzyme was added. The suspension was incubated for 4 
hours at 40* C with agitation. After the enzyme treatment, the pH was adjusted to 9.0 with NaOH flakes and 
the mixture was incubated for t hour without heating. After the alkaline extraction the mixture was cooled 
and the insoluble fraction was removed by drum filtration. Protein was precipitated by adiusting the pMto 
4.5 with 30% H 3 Pa. The precipitate was recovered by separation and washed with water at pH 4.5. The 
separated protein traction was freeze-dried. _ 

The phytate content of the protein and the protein yield (dry weight basis) were determined. The results 
are shown in Table 2. 
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TABLE 2 



Phytate Concentration and Protein 


Yield Achieved by Soy Protein 


UoUfcoo According to the Invention 


.on a Pilot Scale 




Rnase dosage 


Phytic 


Protein 


PU/gsoy 
nafces 


add% 


yield % 


0 


13 


22 


1000 


03 


21 



16 



Table 1 shows that using the process of the invention on a large scale, tow-phytate soy protein isolate 
can be produced without a sacrifice in protein yield. 

COMPARATIVE EXAMPLE 4 

Reduction of Phytate content of Soy Protein isolate 

Ten g of commercial soy protein isolate (Purina Protein 1500. SL Louis. Missouri) were suspended in 
100 ml of water. The pH was adjusted to 5.5. and Fmase^S was added at dosages of 150. 500, lOOO PU g 
protein ;to the control te^ 41 55 c 

AfteTRnaselrMtmenL the pH 1 was adjusted to "43. and the proteins were recovered by centnfugation 
and freeze-dried. The phytate content of the protein isolate and the protein yields (dry weight basis* were 
determined. Results are shown in Table 3. 

TABLE 3 



Phytate Reduction and Protein Yield 
Achieved by Treatment of Soy 
Protein Isolate According to the 
Invention on a Laboratory Scale 


Rnase dosage 
Wg soy^ 
flakes 


Phytic 


Protein 
yield % 


^-150 > 

6500 
QiOOO 


13 

1.1 
03 
0.0 


69 
88 . 
86 
64 



Table 3 shows that phytate-free soy protein isolates can also be produced by treating soy protein 
50 isolates with phyttte-degrading enzymes after the protein isolation. 



COMPARATIVE EXAMPLE 5 



Reduction in inositoi . Phosphate Acrtieved bv Soy Protein Isolation According to me Invention 

Twenty g of defatted soy flakes (Unilever. Amsterdam. The Netherlands) were milled coa/sely and 

9 



50095 



EP 0 380 343 A2 



suspended with 300 ml of water. The pH was adjusted to 9.0. and the suspension was incubated for 1 hour 
at room temperature. The insoluble traction was removed by centrifugation. 

The pH of the supernatant was adjusted to 5.0. and an amount of Rnase* S was added to the slurry. 
Phytate-degrading activities are a major component of this enzyme preparation. The suspension was 
s incubated for 4 hours at 55 ' C. In the control test, no enzyme treatment was conducted. 

The enzyme dosages are presented as phytate degrading unitsvg flakes. One phytate-degrading una <i 
PU) is the amount of enzyme which liberates 1 nmol of inorganic phosphorous from sodium phytate per 
minute under standard conditions (40* C. pH 5.5). 

The proteins were precipitated from the suspension by adjusting the pH to 4.5. The precipitate was 
to recovered by centrifugation and freeze-dried. Protein yield and inositol phosphate contents of the protein 
fraction were determined. 

The inositol hex*-, penta-. tetra- and triphosphates were determined according to the method of 
Sandberg et aK. J. Food So. 54:159-162 (1989). Table 4 shows the contents of residual inositol phosphates 
of the proteins and the protein yields (dry weight basis) 

15 » 

TABLE 4 



inositol Phosphate Concentrations and Protein Yield Achieved by Soy 
Protein Isolation According to the invention on a Laboratory Scale 


Finase dosag- 
yield PU/g so 

(%) 


B Protein 
y flakes 


IP3 
umol'g 


IP4 

umolg 


IPS 
umol/g 


IP6 
umolg 


28.2 


0 


0.00 




2.58 


11.39 


26.1 


500 


0.00 


0.00 


0.00 


0.00 



Claims 

1. A method ol reducing or eliminating phytate in a composition comprising soy protein, the method 
comprising contacting a phytate-degrading enzyme with the composition at a pH of from 2.0 to 6.0 at a 
temperature of from' 20°C to 60°C. 

2. A method as claimed in claim 1 composing: 

a) adding an enzyme preparation of microbial origin comprising at least one phytate degrading 
enzyme to a particulate soy bean water slurry or a phytate containing soy protein isolate: 

b) allowing phytate degradation to take place at a pH value of from 2.0 to 6.0. and at a temperature of 
from 20°C to 55°C: and 

c) in the case of the slurry, isolating the resulting soy protein. 

3. A method as claimed in claim 1 or 2. wherein the enzyme originates from Aspergillus spp .. Rhizopus 
SDp .. or yeast. 

4. A method as claimed in claim 1. 2 or 3 compnsing: 

a) suspending coarsely milled defatted soy particulate in an aqueous medium, to form a suspension: 

b) adjusting the pH of the suspension to from 2.0 to 6.0. preferably from 4.5 to 5.5: 

c) introducing into the suspension a phytase reducing amount of FINASE* S: 

d) incubating the suspension for from 1 0 to 8 0 hours, at from 20°C to 50°C: 

e) adjusting the pH of the suspension to about 9.0. and incubating the adjusted suspension for about 
1 hour at room temperature: 

f) separating an insoluble fraction from the suspension: and 

g) separating the soluble soy protein from the suspension. 

5. A method as claimed in claim 1 . 2 or 3 compnsing: 

a) extracting protein from a defatted particulate soy bean aqueous suspension having a pH value of 

from 8 0 to tO O. _ _ , . __ 

bl'rembving any irisolubie matenal from the suspension; 
c) adjusting me pH of the suspension to from 2.0 to 6.0: 
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d) Mrrtubng Mo the suspend . phyttM rmtuong .mount d™*^ 

. -spensioo tor ,i> ^ « pen, o, m. protein ,o 

^sw^"^s=ri5 : s~ • — — — - - 

aqueous solution. . . 

6 ^XT^iZ^^^ isolate in en aqueous medium, to form 

wspenso*^ H the ^oson to Irom JLO to 6.0: cinaSE" S 

., .diusting the pH c* ^"f^^"^^ £Uy produang at, essentially phytate-tre. soy 

^£SSS S£«ad P«** .cm me -^~»« 

0 £*U» the pH of the aqueous «o«utioo to from 2.0 to ™- 
0) *Eno «° «he solution . phytase reduano *^*J^ E SS £. 
S '£m7m tohrtoo lor from .0 to 8.0 hour* « from 2(W to STC. 
0 neutralizing the solution: 

D tpr«y^ytf>g the solution- concentration of enzvme. such as FINASE' 1 

a A method as claimed in any of claims i to 7 - J^ n ^^^ paniculate, 
c J**m ?SQ to 1000 PU/fl soy particulate, preferably from 500 to 750 ^9 ~ y 
S ' VTn^«7^ rclTl having one or more of 

i^^nposhtoo is a soy protein isolate or soy protem concentrate. 

b) the temperature is from 40-55°C; 

2 S SJK 2& » ! - compos * th. .orm « an enzyme pr-P*.** tree o« «vino matter. 
^t2Z?£-e. »<»-n the soy Oean prole* and enzyme «or trom ,0 . 8.0 hours. 
^TaCp^^ ot concentrate prepared Oy me method -.aimed in any o« Cairns , to 9. 



JO 



43 



SS 



11 



50097 



